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A b stract: The investigations of hab ita t conditions on the variability of selected population features in the two invasive, 
annuals w ith different life-history tra its  were conducted in the years 2008-2010, in the Polish p art of the C arpathian  Moun­
tains in communities characterized by the gradual decrease of light availability. The individuals of Impatiens glandulifera 
were surveyed along roadsides, in willow thickets, as well as inside and along the edges of the riparian forest, whereas the 
individuals of Bidens frondosa were observed in riverside gravels characterized by a different species composition. Each 
year, the num ber and density of individuals (stems) occurring in the particular sites were examined, as well as the height 
and the fruit production in 30 random ly chosen stems were surveyed. Moreover, the number of seeds per fruit, the diaspore 
dimensions and the seedling recruitm ent in laboratory conditions were examined during each season. As the values of height 
of individuals, num ber of fruits per stem, num ber of seeds per fruit, as well as the seedling abundance in some groups were 
not consistent w ith the normal distribution and the variances were not homogeneous, the non-param etric Kruskal-Wallis 
test was used in statistical analyses.
Much greater number and density of individuals of Impatiens glandulifera were found in riparian forest, than  in willow 
thickets and along the roadsides. In all sites the num ber and density of individuals increased steadily in consecutive seasons. 
The great num ber and density of Bidens frondosa  individuals observed in shady and partly  shady sites during the first 
year of studies raised in the second year and subsequently dram atically decreased in the th ird  season. The lowest number 
and density of individuals noted in the first season in unshaded site raised substantially in subsequent years. The height of 
stems, as well as seed and fruit production of bo th  tax a  diminished w ith a decrease of height of neighboring plants. The 
seed dimensions presented the spatial and tem poral variability, whereas the num ber of seedlings among consecutive years 
and in successive sites did not differ.
The considerable height of the individuals of Impatiens glandulifera, high production of large fruits and seeds in open and 
dry roadside areas can contribute to  more effective ballistic dissemination, while substantial seedling recruitm ent enables 
the colonization of new, perhaps more advantageous sites. On the other hand, lower individual height, as well as fruit and 
seed production and considerable seedling emergence allow the population to  last and to  gradually extend the area in forest 
communities. The considerable abundance of the high-statured Bidens frondosa individuals, substantial production of large 
capitula and achenes contribute to  long persistence of populations in open and sun-lit sites. The gradually decrease in the 
height of the stems, achene num ber and size observed in partly-shaded and shaded places might allow to long-distance 
dispersal of seeds by animals, while substantial seedling recruitm ent might contribute to  establishm ent in new areas.
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In tr o d u c tio n
The invasion of non-native species, which has be­
come more intense since the second half of the 20th 
century, continuously contributes to the elimination of 
native taxa, a decrease in the biodiversity of communi­
ties and degradation of numerous ecosystems worldwide 
(Pysek & Richardson 2010; Vila et al. 2011). The stud­
ies of various aspects of the biology of invasive species 
populations make it possible to determine the possi­
bility of the population’s survival at the colonized site 
and the prospects for their further spread. The results
of the research may form a basis for the development 
of more effective methods of elimination these species, 
thus improving the condition of some types of habitats 
(Sakai et al. 2001). So far, most attention has been de­
voted to the observations of invasive clonal plants. The 
main trends of research focused on the analysis of pop­
ulation dynamics and structure (Aule & Brandl 1997), 
the influence of genet integration on the effectiveness 
of photosynthesis and biomass allocation (Wang et al.
2008), the trade-off between growth and reproduction 
(Brown & Eckert 2005; Lambrecht-McDowell & Ra- 
dosevich 2005; Xiao et al. 2011), the effectiveness of
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asexeual an d  sexual p ro p ag a tio n  in  d ifferent cond itions 
(D ietz e t al. 2002; R iis e t al. 2010) an d  d e te rm in a tio n  
of th e  genetic  v a ria b ility  level (Li e t al. 2006). Sim ul­
tan eo u sly  it shou ld  be p o in te d  ou t, th a t  p e ren n ia l non- 
clonal species have been  exam ined  to  a lesser degree 
(e.g., D ietz & U llm ann  1998; van  K leunen  & Jo h n so n  
2005; P erg l e t. al. 2006). R esearch  on  an n u a l invasive 
p la n ts  focuses on various sexual re p ro d u c tio n  aspec ts , 
shap ing  th e  dynam ics of th e  p o p u la tio n . A t p resen t, 
th e  nu m b er of s tu d ies  concern ing  flowering phenology 
(Suzuki e t al. 2007), fru it an d  seed p ro d u c tio n  (M olina- 
M on teneg ro  e t al. 2008; R inella  e t al. 2010), p ropag- 
ule size (F u m an al e t al. 2007) an d  seedling rec ru itm en t 
(F um anal e t al. 2008). D esp ite  grow ing in te re s t in  th e  
afo rem en tioned  issues, th e  p resen t s ta te  of know ledge 
on  num erous ta x a  rem ains u nsa tisfac to ry . In  connec­
tio n  w ith  th is  insufficient level o f know ledge, it was 
a t te m p te d  to  exam ine th e  influence of h a b i ta t  condi­
tio n s on  p erfo rm ance  of Im p a tien s  glandulifera  Royle 
a n d  B idens frondosa  L. -  th e  m ost invasive species in 
E u ro p e  (L am bdon  e t al. 2008), ch a rac te rize d  by differ­
en t life h is to ry  tra i ts .  T h e  specific aim s co n c en tra ted
on: (1) th e  ev a lu a tio n  of ab u n d an ce  of ind iv iduals in  
s tu d y  sites, (2) th e  e s tim a tio n  of heigh t o f ind iv iduals, 
(3) th e  o b se rv a tio n  of fru it an d  seed p ro d u c tio n , (4) 
th e  ex am in a tio n  of d ia sp o re  d im ensions an d  seedling 
rec ru itm en t.
W e h y po thesized  th a t:
-  th e  ab u n d an ce  of Im p a tien s  glandulifera  an d  
B idens frondosa  ind iv iduals differ am ong years an d  
sites
-  th e  s tem  heigh t, fru it an d  seed p ro d u c tio n , dias- 
pore  d im ensions an d  g erm in a tio n  ab ility  o f Im p a tien s  
glandulifera  an d  B id en s frondosa  ind iv iduals do  n o t dif­
fer sign ifican tly  in  consecutive years
-  th e  heigh t o f s tem s of b o th  species, fru it an d  
seed p ro d u c tio n , as well as d iaspo re  d im ensions an d  
seedling re c ru itm e n t increase  from  o pen  h a b ita ts ,  via  
m ild -shaded  places, to  crow ded an d  sh ad ed  sites.
The stud ied  species
T h e H im alayan  B a lsam  Im p a tien s  glandulifera  Royle is 
one of th e  ta lle s t invasive species, w hich can  reach  u p  to  
2 -3  m etres  u n d er favourab le cond itions. T h e  stem , di-




The habitat Riparian forest Riparian forest edge Willow thickets Roadside area domi­
nated by herbs creat­
ing several branches 
and wide leaves
Roadside area domi­
nated by herbs form­
ing upright stems 
and narrow leaves
The N 49° 46’ 20.92" N 49° 46' 19.83'' N 49° 45' 54.1'' N 49° 36' 39.5'' N 49° 38' 46.7''
coordinates E 19° 35' 40.38" E 19° 35' 40.33'' E 19° 35' 46.9'' E 20° 17' 39.7'' E 20° 04' 33.8''
The site area 
(m2)
70 75 60 50 60
The species 
number
37 19 42 25 31
The dominants Fraximus excelsior, Alnus incana, Salix fragilis, Salix Impatiens parviflora, Urtica dioica, Fes-
(species, with Padus avium, Al- Robinia pseudacacia, triandra Melilotus albus, tuca pratensis, Tus-
cover exceed 
20%)
nus incana, Acer 
negundo
Euonymus europea Chenopodium album silago farfara,
The subdomi- Cornus sanguinea, Acer negundo, Armoracia rusti- Artemisia vulgaris, Aegopodium poda-



























5.0 0.0 0.0 0.0 2.0
The mean light 
intensity (lx)1
5 100.0 9 000.0 15 000.0 40 000.0 42 00.0
1The value of statistical significance of differences among sites in light intensity, performed using the H Kruskal-Wallis test reached
44.85 (df =  4, P < 0.001).
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Table 2. The characteristics of habitat conditions in studied Bidens frondosa L. localities in Polish Carpathians
The population locality Zbikowice Osieczany Soboniowice
The habitat The shaded river gravel The partially shaded river 
gravel
The unshaded river gravel
The coordinates N 49° 44' 50.73'' 
E 20° 34' 42.58''
N 49° 51' 02.1'' 
E 19° 59' 09.4''
N 49° 59' 23.94'' 
E 20° 00' 28.68''
The site area (m2) 80 86 100
The species number 47 30 25
The dominants (species, with Solidago serotina, Tanacetum Epilobium hirsutum, Solidago Polygonum mite, Atriplex
cover exceed 20%) vulgare, Salix viminalis serotina, Polygonum mite prostata, Chenopodium al­
bum, Urtica dioica
The subdominants (species, Artemisia vulgaris, Epilo- Tanacetum vulgare, Veron- Festuca pratensis, Tussilago
with cover achieved 5—20%) bium hirsutum, Erigeron 
canadensis,
ica beccabunga, Phalaris 
arundiacea
farfara, Rumex obtusifolius
The mean vascular plant 
height (cm)
110.6 74.0 24.0
The mean vascular plant 
cover (%)
65.0 80.0 85.0
The mean plant moss and 
lichen cover (%)
0.0 10.0 2.0
The mean light intensity at 
the soil level (lx)1
29 000.0 35 000.0 41 000.0
1The value of statistical significance of differences among sites in light intensity, performed using the H Kruskal-Wallis test reached 
25.71 (df = 2 , P < 0.001).
v ided  in to  nodes an d  in te rnodes, is th ick  an d  hollow. 
L anceo la te  se rra te  leaves on  th e  m a in  s te m  grow  in 
th ree -lea f  w horls, w hile th e  leaves on side stem s are  a r ­
ran g e d  in  an  a l te rn a te  m anner. T h e  shallow  ro o t sy stem  
reaches a d e p th  of 10 to  15 cm . L arge flowers, 2 .5 -4 .0  cm  
long, have a d o rsiv en tra l sym m etry , an d  th e y  are pink, 
w h ite  or pu rp le . In sec t-p o llin a ted  flowers are bo rn e  on 
th e  u m b el-shaped  inflorescence. A  c lu b -sh ap ed  fleshy 
capsu le  1 .5-3 .5  cm  long an d  0 .5 -1 .5  cm  w ide con tain ing  
on  average 5 to  6 seeds in  th e  fru it. R o u n d  an d  sligh tly  
f la tten e d  seeds, 4 -7  m m  long an d  2 -4  m m  w ide are bal- 
lochoric (B erling  & P errin s  1993). Seed do rm an cy  can  
b e  b roken  by  m eans of cold s tra tif ica tio n , consisting  
in  keeping th e  im bibed  seeds a t  a  te m p e ra tu re  of 4 °C 
for th re e  m on ths. Seed g erm in a tio n  can  also be accel­
e ra te d  by  g ibberellic  acid  an d  seed shell scarifica tion  
(F it te r  & P e a t 1994). Im p a tien s  glandulifera  is n a tiv e  
to  th e  hum id -m oist p a r t  o f th e  su b tro p ic a l c lim ate  zone 
a t m o u n ta in  a reas  w ith  m o d e ra te  m onsoon  effects. T he 
ind iv iduals a re  th e rm o freq u en t b u t in  d irec t sun ligh t 
th e y  are  ra th e r  ra re . T h e  p la n t grows in  alluv ia l ra in ­
forests an d  clearings, a t  h igher a ltitu d e s  in  ta ll herb  
fringe com m unities along m o u n ta in  brooks, along dikes 
a n d  b o rd ers  of roads. T h e  E u ro p e a n  ran g e  of Im p a tien s  
glandulifera  covers te m p e ra te  areas. I t  is m ost frequen t 
along rivers an d  in  flood p la in  vege ta tion , m o stly  in  th e  
willow bushes an d  alluv ia l w illow -poplar forests, as well 
as in  ta ll h e rb  fringe com m unities (B alogh 2008).
D ev il’s B eggarticks B id en s  frondosa  L. is a  ta ll 
p la n t reach ing  u p  to  160 cm . T hey  have green  or p u rp le  
s tem  b ranches a t  th e  u p p e r o r m iddle section. A n tho- 
d ia  consisting  of num erous sm all, d a rk  yellow, tu b u la r  
flowers grow  a t  th e  to p  of th e  s te m  an d  its  b ranches. 
Seeds, d ispersed  by  an im als, have th e  form  of fla tten e d
achenes w ith  tw o b arb s. T h e  seeds are  5 -10  m m  long 
an d  1 .5-4  m m  wide. T hey  are  ch a rac te rise d  by h igh  
g erm in a tio n  ability , an d  th e  developm ent of seedlings is 
acce le ra ted  by keeping im bibed  seeds a t  te m p e ra tu re s  
ran g in g  from  20 to  35 °C (F it te r  & P e a t 1994; M orav- 
cova e t al. 2010). B id en s frondosa  is a p ioneer species 
of m oist g rounds; i t  colonises river banks, m ud  flats, 
d itches, p o n d s an d  o th e r  o pen  alluv ia l h a b i ta ts  (Tous­
sa in t & B ed o u et 2005).
M ateria l and m eth od s
The research was conducted in the Polish part of the 
C arpathian  M ountains in communities characterized by a 
different species composition. The investigations of Impa­
tiens glandulifera individuals were carried out at five sites 
by roads occupied by herbs w ith different architecture, in 
willow thickets, as well as inside and along the edges of the 
riparian forest (Table 1). The observations of Bidens fron­
dosa were conducted at three sites in river gravel yards in 
sun-lit site w ith lim ited flora abundance and w ith a preva­
lence of tax a  w ith delicate, creeping shoots, in partly  shaded 
site w ith low species diversity w ith a high participation of 
high perennial plants, as well as in a shady place w ith high 
species diversity predom inated by high perennial plants and 
shrubs (Table 2). In the year 2008 all study sites were bor­
dered, while their area were measured. Subsequently, the 
average height of vascular plants was evaluated on the basis 
of measurem ents of 20 random ly chosen stems of different 
species performed using a folding tape measure. The estim a­
tion of the vascular p lant cover, as well as moss and lichen 
cover were performed from 3rd to  11th of August 2008. Al­
together, 50 measurem ents per site were taken using the 
aluminum frame (30 cm x 30 cm) in random ly chosen sites. 
Each time, the percent of ground surface covered by vascular 
p lants/m oss and lichens w ithin the frame were estimated.
Table 3. The abundance and density of individuals of Impatiens glandulifera Royle in the studied localities in the years 2008—2010.
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Population locality Habitat Year The total number of individuals The number of individuals per m2
Zembrzyce Riparian forest inside 2008 97 1.38
2009 146 2.08
2010 217 3.10
Zembrzyce Riparian forest edge 2008 43 0.57
2009 86 1.14
2010 94 1.25
Zembrzyce Willow thickets 2008 33 0.55
2009 65 1.08
2010 76 1.26
Szczawa Roadside dominated 2008 68 1.36
by herbs creating several 2009 79 1.58
branches and wide leaves 2010 85 1.70
Podobin Roadside dominated 2008 38 0.63
by herbs forming upright 2009 54 0.90
and narrow leaves 2010 75 1.25
T he light intensity at the soil level was surveyed w ith a 
digital light m eter Voltcraft MS-1300 (accuracy + / -  5% 
+  10 digits; measuring range 0.01-50 000 lx). In to tal, 10 
measurem ents per site were taken between 12th and 28th 
of August 2008. Five measurem ents were performed in the 
sunny days and the other five in the clouded ones. The s ta ­
tistical analysis performed using the H Kruskal-Wallis test 
showed th a t the study sites differed significantly in values 
of the height of vascular plants cover and the light intensity.
T he investigations of performance of Impatiens glan- 
dulifera and Bidens frondosa w ithin the bordered study sites 
were conducted in the years 2008-2010. Each year, all in­
dividuals (stems) occurring in the particular sites were in­
ventoried in August. In all sites the density of individu­
als understood as the num ber of stems per m 2 were calcu­
lated. This param eter is particularly useful for comparison 
of population size in sites w ith different area. Next, 30 ran ­
domly chosen stems were marked w ith plastic rings. The 
individuals w ith rings were measured and all the fruits were 
counted. In order to  avoid re-counting each counted fruit 
was marked w ith fluorescent marker. The num ber of seeds 
was surveyed in 30 randomly collected fruits. To perform 
biometric tests of the seeds, 30 capsules of Impatiens glan­
dulifera and 15 Bidens frondosa capitules were sampled in 
the th ird  week of September of each year. T he length and 
the maxim um  w idth of all the seeds were m easured w ith a 
caliper. To verify the seedling recruitm ent 500 m ature seeds 
were collected from each population of Bidens frondosa and 
Impatiens glandulifera in each vegetative season. The seeds 
were then placed in potable water to  imbibe. The imbibed 
Impatiens glandulifera seeds were subjected to  cold s tra ti­
fication by placing them  in a refrigerator at a tem perature 
of 4 °C for three months. The seeds from each Bidens fron­
dosa and Impatiens glandulifera population were sown in 
groups of 50 into 10 pots filled w ith “Geovita” soil placed 
in a greenhouse w ith a constant tem perature of 30 °C, at 
12/12 h day /n ight treatm ent. The pots were watered three 
tim es a week. Seedling recruitm ent was observed three times 
a week (every two days) for a period of one m onth. The 
newly formed seedlings were removed each time.
T he statistical analysis
T he statistical analysis was carried out on untransform ed 
d a ta  of height of individuals, num ber of fruits per stem,
num ber of seeds per fruit, as well as the seedling abundance. 
Firstly, the norm al d istribution of the untransform ed d a ta  
was tested using the Kolmogorov-Smirnov one-sample test 
at the significance level of P < 0.05. Subsequently, the vari­
ance homogeneity was tested using the Brown-Forsythe test 
at the significance level of P < 0.05.
As the values of height of individuals, num ber of fruits 
per stem, num ber of seeds per fruit, as well as the seedling 
abundance in some groups were not consistent w ith the nor­
m al distribution and the variances were not homogeneous, 
the non-param etric Kruskal-Wallis test was used in sta tis­
tical analyses. All the analyses were performed w ith ST A -  
T IST IC A  (version 10) software.
R e s u l t s
Im p a tien s  glandulifera
A considerab le  nu m b er of ind iv iduals w ere reg is te red  
in  th e  r ip a r ia n  forest (97-217) an d  along its  edges (43­
94), w hile sm aller p o p u la tio n s  o ccu rred  in  sites lo ca ted  
along roadside  areas (38-85) an d  in  willow th ick e ts  (33­
76). T h e  sim ilar p a t te r n  p resen ts th e  d ens ity  of ind iv id ­
uals p e r  m 2. In  th e  r ip a ria n  forest i t  achieved from  1.38 
to  3.10 ind iv iduals , along th e  roadside  a reas  it  reached  
from  0.63 to  1.70, in  forest edge it  ran g ed  from  0.57 
to  1.25, w hilst in  th ick e ts  it am o u n ted  from  0.55 to  
1.26. In  all s tu d y  sites th e  nu m b er an d  d en sity  of in ­
d iv idua ls increased  s tead ily  in  successive seasons (Ta­
ble 3). Ind iv id u a ls  grow ing along roadside  a reas  were 
considerab ly  la rger (130.2-181.1  cm ) th a n  those  grow ­
ing in  willow th ick e ts  (112 .3-143 .7  cm ), along th e  edge 
of th e  forest (129 .9-146 .6  cm ) an d  in  th e  r ip a r ia n  forest 
(127.6-135.5  cm ). P la n ts  es tab lish ed  along roadside  a r­
eas p ro d u ced  m ore fru its  (93 .0-123 .8) th a n  ind iv iduals 
occu rring  in  willow th ick e ts  (33 .2-45 .6), a t  th e  edge of 
th e  forest (54 .3-60 .1) an d  in  th e  r ip a r ia n  forest (48.9­
51.2). Also, th e  la rg est seed p ro d u c tio n  p er fru it ob­
served  along roadside  a reas (7 .8-9 .3) d ecreased  g ra d u ­
ally  to  reach  th e  low est values (4.6 to  5.4) in  th e  rip a ria n  
forest (Fig. 1). T h e  heigh t o f stem s, fru it an d  seed p ro ­
d u c tio n  d id  n o t show ed th e  te m p o ra l v a riab ility  b u t
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Fig. 1. The average height of individuals, the average fruit production per generative stem, the average number of seeds per fruit 
of Impatiens glandulifera Royle individuals in the years 2008—2010. The diagrams present the average (square), SE (box) and SD 
(whiskers). Abbreviations: R1, roadside dominated by herbs forming upright stems and narrow leaves; R2, roadside dominated by 
herbs creating several branches and wide leaves; T, willow thickets; EF, riparian forest edge; F, riparian forest inside.
th e y  p resen ted  th e  considerab le  sp a tia l d ive rsity  (Ta­
ble 4). T h e  la rg est seeds w ere p ro d u ced  in  p o p u la tio n s  
occupying  roadside  areas, w hile th e  sm allest p ropagu les 
were form ed in  th e  r ip a r ia n  forest (Table 5). T h e  dias- 
po re  d im ensions p resen ted  sign ifican t te m p o ra l (Tables 
6, 7) an d  sp a tia l v a riab ility  (Tables 8, 9). T h e  re c ru it­
m en t o f seedlings derived  from  seeds co llected  from  th e  
successive sites an d  in  consecutive seasons s tay ed  sim i­
la r (Table 10).
B id en s frondosa
T h e  g rea t n u m b er an d  d en sity  of B id en s  frondosa  ind i­
v idua ls  observed  in  sh ad y  an d  p a r tly  sh ad y  sites d u r­
ing th e  first year o f s tud ies  ra ised  in  th e  second year 
an d  subsequen tly  d ram a tic a lly  decreased  in  th e  th ird  
season. T h e  low est nu m b er an d  d en s ity  of ind iv iduals 
n o te d  in  th e  first season  in  u n sh a d ed  s ite  ra ised  sub ­
s ta n tia lly  in  subsequen t years (Table 11). T h e  ta lle s t 
ind iv id u als  w ere observed  in  an  u n sh a d ed  a re a  (150 .7 -
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Table 4. The spatial variability of height of individuals, fruit production per generative stem, and number of seeds per fruit in Impatiens 
glandulifera Royle in the years 2008-2010. The asterisks show the statistical significance of differences at the level < 0.05 (*), < 0.01 
(**), < 0.001 (***); ns- not significant differences (The H Kruskal-Walis test; df =  4).
The hight The value of Kruskal-Wallis test among all study sites 114.34***
of generative stems
The level of statistical significance of differences among sites: F and EF ns
F and T ns
F and R2 <0.001
F and R1 <0.001
EF and T ns
EF and R2 <0.001
EF and R1 <0.001
T and R2 <0.001
T and R1 <0.001
R1 and R2 ns
Number of fruits The value of Kruskal-Wallis test among all study sites 202.39***
per generative stem
The level of statistical significance of differences among sites: F and EF ns
F and T ns
F and R2 <0.001
F and R1 <0.001
EF and T < 0.05
EF and R2 <0.001
EF and R1 <0.001
T and R2 <0.001
T and R1 <0.001
R1 and R2 ns
The number of seeds The value of Kruskal-Wallis test among all study sites 181.67***
per fruit
The level of statistical significance of differences among sites: F and EF < 0.05
F and T <0.01
F and R2 <0.001
F and R1 <0.001
EF and T ns
EF and R2 <0.001
EF and R1 <0.001
T and R2 <0.001
T and R1 <0.001
R1 and R2 ns
Abbreviations: R1, roadside dominated by herbs forming upright stems and narrow leaves; R2, roadside dominated by herbs creating 
several branches and wide leaves; T, willow thickets; EF, riparian forest edge; F, riparian forest inside.
Table 5. The mean length and width of seeds of Impatiens glandulifera Royle in studied localities in the years 2008—2010.
Population Habitat Year The measured The average length The average width
locality seed number of seeds (SD) [mm] of seeds (SD) [mm]
Zembrzyce Riparian forest inside 2008 147 4.31 (0.14) 3.23 (0.14)
2009 130 4.30 (0.14) 3.23 (0.11)
2010 118 4.30 (0.11) 3.25 (0.13)
Zembrzyce Riparian forest edge 2008 178 4.40 (0.15) 3.31 (0.14)
2009 154 4.28 (0.12) 3.23 (0.16)
2010 178 4.33 (0.12) 3.23 (0.13)
Zembrzyce Willow thickets 2008 168 4.60 (0.12) 3,52 (0.13)
2009 176 4.48 (0.13) 3.41 (0.15)
2010 191 4.40 (0.13) 3.32 (0.12)
Szczawa Roadside dominated by herbs creating 2008 280 4.80 (0.14) 3.69 (0.27)
several branches and wide leaves 2009 361 4.68 (0.29) 3.82 (0.24)
2010 365 4.88 (0.27) 3.64 (0.31)
Podobin Roadside dominated by herbs forming 2008 342 4.68 (0.24) 3.60 (0.30)
upright stems and narrow leaves 2009 313 4.77 (0.20) 3.82 (0.24)
2010 325 4.94 (0.16) 3.90 (0.17)
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Table 6. The temporal variability of length of seeds of Impatiens glandulifera Royle. The asterisks show the statistical significance of 
differences at the level < 0.05 (*), < 0.01 (**), < 0.001 (***); ns -  not significant differences (The H Kruskal-Walis test; df =  4).
Site F EF T R2 R1
The value of Kruskal-Wallis test 12.51* 50.96*** 142.43*** 40.20*** 191.61***
The level of statistical significance 



















Abbreviations: R1, roadside dominated by herbs forming upright stems and narrow leaves; R2, roadside dominated by herbs creating 
several branches and wide leaves; T, willow thickets; EF, riparian forest edge; F, riparian forest inside.
Table 7. The temporal variability of width of seeds of Impatiens glandulifera Royle. The asterisks show the statistical significance of 
differences at the level < 0.05 (*), < 0.01 (**), < 0.001 (***); ns -  not significant differences (The H Kruskal-Walis test; df =  4).
Site F EF T R2 R1
The value of Kruskal-Wallis test 33.21* 237.22*** 42.93*** 7.05* 169.92***
The level of statistical significance 
















Abbreviations: R1, roadside dominated by herbs forming upright stems and narrow leaves; R2, roadside dominated by herbs creating 
several branches and wide leaves; T, willow thickets; EF, riparian forest edge; F, riparian forest inside.
Table 8. The spatial variability of length of seeds of Impatiens glandulifera Royle. The asterisks show the statistical significance of 
differences at the level < 0.05 (*), < 0.01 (**), < 0.001 (***); ns -  not significant differences (The H Kruskal-Walis test; df =  4).
Year 2008 2009 2010
The value of Kruskal-Wallis test among all study patches 376.51*** 680.33** * 872.62***
The level of statistical F and EF <0.001 ns < 0.05
significance of differences F and T <0.001 <0.001 ns
among sites: F and R2 <0.001 <0.001 <0.001
F and R1 <0.001 <0.001 <0.001
EF and T ns <0.001 ns
EF and R2 <0.001 <0.001 <0.001
EF and R1 <0.001 <0.001 <0.001
T and R2 <0.001 <0.001 <0.001
T and R1 <0.001 < 0.05 <0.001
R1 and R2 ns <0.001 <0.001
Abbreviations: R1, roadside dominated by herbs forming upright stems and narrow leaves; R2, roadside dominated by herbs creating 
several branches and wide leaves; T, willow thickets; EF, riparian forest edge; F, riparian forest inside.
Table 9. The spatial variability of width of seeds of Impatiens glandulifera Royle. The asterisks show the statistical significance of 
differences at the level < 0.05 (*), < 0.01 (**), < 0.001 (***); ns -  not significant differences (The H Kruskal-Walis test; df =  4).
Year 2008 2009 2010
The value of Kruskal-Wallis test among all study sites 423.41*** 704.19*** 875.32***
The level of statistical F and EF <0.001 ns ns
F and T <0.05 <0.001 ns
F and R2 <0.05 <0.001 <0.001
F and R1 <0.001 <0.001 <0.001
EF and T <0.001 <0.001 < 0.05
EF and R2 <0.001 <0.001 <0.001
EF and R1 <0.05 <0.001 <0.001
T and R2 <0.001 <0.001 <0.001
T and R1 <0.001 <0.001 <0.001
R1 and R2 <0.05 <0.001 <0.001
Abbreviations: R1, roadside dominated by herbs forming upright stems and narrow leaves; R2, roadside dominated by herbs creating 
several branches and wide leaves; T, willow thickets; EF, riparian forest edge; F, riparian forest inside.
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Fig. 2. The average height of individuals, the average production of capitula per generative stem, the average number of achenes per 
capitulum of Bidens frondosa L. individuals in the years 2008-2010. The diagrams present the average (square), SE (box) and SD 
(whiskers). Abbreviations: UN, unshaded gravel; PS, partly shaded gravel; SH, shaded gravel.
159.8 cm ), sign ifican tly  sh o rte r  stem s o ccu rred  in  a 
p a r tly  sh ad ed  site  (49 .7-57 .9  cm ), w hile th e  low est 
sh o o ts  w ere found  in  a sh ad y  loca tion  (39 .3-49 .6  cm ). 
T h e  h ighest c a p itu la  p ro d u c tio n  w as observed  in  a sun- 
h e a te d  a re a  (50.7 to  58.0), w hile th e  low est fru it num ber 
w as n o te d  in  a sh ad y  place (35.7 to  39.6). T h e  num ber 
of seeds p er c a p itu la  found  in  th e  sunny  place (46.0 to  
50.1) considerab ly  exceeds th a t  reco rded  for th e  p a r tly  
sh ad y  a re a  (33.8 do  45.6) an d  th e  sh ad y  a re a  (16.6
to  28.9) (Fig. 2). T h e  heigh t of stem s, fru it an d  seed 
p ro d u c tio n , as well as th e  d iaspo re  d im ensions d id  no t 
show ed th e  te m p o ra l v a ria b ility  b u t th e y  p resen ted  th e  
su b s ta n tia l sp a tia l d ive rs ity  (Tables 12). T h e  la rgest 
seeds w ere p ro d u ced  in  th e  sunny  area, w hile th e  sm all­
est p ropagu les w ere observed  in  th e  sh ad y  a re a  (T a­
ble 13). T h e  d iaspo re  d im ensions p resen ted  significant 
te m p o ra l (Tables 14, 15) an d  sp a tia l v a ria b ility  (Ta­
bles 16, 17). T h e  em ergence of seedlings derived  from
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Table 10. The percentage of germinated seeds of Impatiens glandulifera Royle. derived from studied localities.
Population locality Habitat Year The number 
of sown seeds
The percentage of germinated seeds
Minimal Maximal Mean
Zembrzyce Riparian forest inside 2008 50 42.00 98.00 68.44
2009 50 38.00 84.00 54.89
2010 50 8.00 98.00 56.00
Zembrzyce Riparian forest edge 2008 50 16.00 84.00 48.22
2009 50 10.00 78.00 43.56
2010 50 16.00 82.00 45.11
Zembrzyce Willow thickets 2008 50 8.00 84.00 55.33
2009 50 36.00 94.00 58.89
2010 50 10.00 78.00 51.11
Szczawa Roadside dominated by herbs 2008 50 24.00 90.00 59.77
creating several branches and wide leaves 2009 50 28.00 82.00 64.89
2010 50 18.00 84.00 55.89
Podobin Roadside dominated by herbs forming 2008 50 10.00 92.00 54.89
upright stems and narrow leaves 2009 50 20.00 84.00 55.11
2010 50 18.00 82.00 55.11
Table 11. The abundance and density of individuals of Bidens frondosa L. in studied localities in the years 2008-2010.
Population locality Habitat Year The total number of individuals The number of individuals per m2
Zbikowice The shaded gravel 2008 76 0.95
2009 81 1.01
2010 53 0.66
Osieczany The party shaded gravel 2008 56 0.65
2009 85 0.98
2010 66 0.76
Soboniowice The unshaded gravel 2008 41 0.41
2009 95 0.95
2010 101 1.01
seeds co llected  from  th e  s tu d ied  sites an d  in  consecutive 
years rem ain ed  sim ilar (Table 18).
D is c u s s io n
Im p a tien s  glandulifera
T h e  perfo rm ed  o bserva tions show ed th a t  th e  nu m b er of 
th e  Im p a tien s  glandulifera  ind iv iduals w as considerab ly  
h igher in  th e  r ip a r ia n  forest th a n  in  o th e r  h a b ita ts . A 
low nu m b er of th e  Im p a tien s  glandulifera  ind iv iduals 
in  th e  forest edge m igh t be caused  by physical d am ­
age, w hile low ab u n d a n ce  of p la n ts  in  th e  th ick e ts  m ay 
be caused  by seasonal flooding of th e  seeds in  hollow s 
w ith  s ta g n a n t w ater. T h e  unfavorab le  effects o f s ta g ­
n a n t w a te r on  th e  developm ent of ind iv iduals o f th is  
species have been  observed  by P errin s  e t al. (1993) an d  
Skälovä e t al. (2012). O n th e  o th e r  h an d , th e  m o d e ra te  
ab u n d an ce  of ind iv iduals o ccu rred  along sunny  roadside  
areas m igh t be caused  by d ry ing  th e  seeds. Such un fa­
vorab le  influence of w a te r deficiency on p o p u la tio n  size 
w as p rev iously  observed  in  Im p a tien s  pallida  (B enning­
to n  & M cG raw  1995). T h e  o b ta in ed  resu lts  m igh t sug­
gest th a t  th e  sm aller p o p u la tio n s  m igh t be also younger. 
T h e  lower nu m b er of ind iv iduals observed  du rin g  colo­
n iza tio n  of new  a re a  an d  subseq u en t raise of p o p u la tio n  
size w ere observed  in  several an n u a ls  o ccu rred  in  w ide 
range  of h a b i ta ts  (Falińska 2002).
T h e  reco rded  s tead ily  increase  of nu m b er of in d i­
v iduals in  consecutive years m igh t suggest th e  lack of 
d ra m a tic  d is tu rb a n ce s  in  s tu d ied  sites, such as in u n d a ­
tions, d ro u g h t, slug p re d a tio n  or v ira l diseases (Prow se 
1998; K asp e rek  2004; K o llm ann  e t al. 2007). M ore­
over, th e  increase of nu m b er of ind iv id u als  in  open  
sites m igh t be due to  g rea t fecund ity  of ind iv iduals. 
T h e  perfo rm ed  o bserva tions show ing su b s ta n tia l p ro ­
du c tio n  of fru its  an d  seeds in  sites d o m in a te d  by low 
s ta tu re  species co rrespond  w ith  th e  resu lts  o b ta in e d  by 
W illis & H ulm e (2004). T h e  afo rem entioned  a u th o rs  
no te d  a considerab ly  h igher rep ro d u c tiv e  ab ility  in  in ­
d iv iduals grow ing in  sunny  areas th a n  w ith  th o se  in  
sh ad y  sites. A n increase in  th e  ind iv id u al rep ro d u c­
tive  ab ility  in  sites ch a rac te rized  by a lower num ber 
of neighboring  species w as found  in  Im p a tien s  capensis  
(Schm idt e t al. 1987) an d  Im p a tien s  parviflora  p o p u ­
la tio n s (P iskorz 2005). T h e  g re a te r  fru it p ro d u c tio n  in  
open  sites th a n  in  closed h a b i ta ts  m igh t be caused  by 
b e t te r  accessib ility  o f flowers Im p a tien s  species for po l­
lin a to rs , w hich are sm all-sized S y rph idae  an d  A pidae
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Table 12. The spatial variability of height of individuals, fruit production per generative stem, and number of seeds per fruit in Bidens 
frondosa L. in the years 2008-2010. The asterisks show the statistical significance of differences at the level < 0.05 (*), < 0.01 (**), 
< 0.001 (***); ns -  not significant differences (The H Kruskal-Walis test; df = 2).
The height of The value of Kruskal-Wallis test among all study sites 190.60***
generative stems ---------------------------------------------------------------------------------------------------------------------
The level of statistical significance SH and PS <0.001
of differences among sites: SH and UNS <0.001
PS and UNS <0.001
Number of fruits The value of Kruskal-Wallis test among all study patches 32.31***
per generative stem ---------------------------------------------------------------------------------------------------------------------
The level of statistical significance SH and PS < 0.05
of differences among sites: SH and UNS <0.001
PS and UNS < 0.05
The number of The value of Kruskal-Wallis test among all study patches 85.40***
seeds per fruit ---------------------------------------------------------------------------------------------------------------------
The level of statistical significance SH and PS <0.01
of differences among sites: SH and UNS <0.001
PS and UNS <0.001
Abbreviations: SH, shaded gravel; PS, partly shaded gravel; UNS, not shaded gravel.
Table 13. The mean length and width of seeds of Bidens frondosa L. in studied localities in the years 2008-2010.
Population Habitat Year The number of The average length The average width
locality measured seeds of seeds (SD) [mm] of seeds (SD) [mm]
Zbikowice The shaded gravel 2008 321 6.97 (0.22) 1.95 (0.16)
2009 354 7.04 (0.19) 1.94 (0.25)
2010 394 6.96 (0.25) 2.03 (0.17)
Osieczany The party shaded gravel 2008 512 7.34 (0.54) 2.31 (0.30)
2009 642 7.33 (0.27) 2.00 (0.18)
2010 614 7.30 (0.26) 2.04 (0.13)
Soboniowice The unshaded gravel 2008 756 7.41 (0.62) 2.48 (0.32)
2009 768 8.17 (0.45) 2.34 (0.24)
2010 716 8.31 (0.42) 2.34 (0.25)
Table 14. The temporal variability of lenght of seeds of Bidens frondosa L. . The asterisks show the statistical significance of differences 
at the level < 0.05 (*),< 0.01 (**), < 0.001 (***); ns -  not significant differences (The H Kruskal-Walis test; df =  2).
Site SH PS UNS
The value of Kruskal-Wallis test 60.37** 15.83* 163.33***
The level of statistical significance 2008 and 2009 <0.001 ns <0.001
of differences among years: 2008 and 2010 ns ns <0.001
2009 and 2010 <0.001 <0.001 <0.001
Abbreviations: SH, shaded gravel; PS, partly shaded gravel; UNS, not shaded gravel.
(N ienhuis & S to u t 2009; V ervoort e t al. 2011). O n th e  
o th e r  h an d , th e  o b ta in ed  resu lts  d o cu m en ted  th a t  even 
m uch lower fru it p ro d u c tio n  in  th ick e ts  an d  forest also 
m igh t co n trib u te  to  su b s ta n tia l increase of ind iv idual 
ab u n d an ce . P erfo rm ed  o bserva tions show ed th a t  la rger 
seeds were p ro d u ced  in  roadsides ch a rac te rized  by  g rea t 
irra d ia n ce  level, th a n  in  p a r tly  sh ad ed  willow th ick e ts  
a n d  sh ad ed  edge an d  inside of r ip a r ia n  forest. T hese 
re su lts  suggest th a t  h igher level o f in te rcep ted  so lar ra ­
d ia tio n  increased  seed d im ensions. O n th e  o th e r  hand , 
W illis & H ulm e (2004) a rgued  th a t  seed m ass w as neg­
atively  co rre la te d  w ith  th e  h ea t su m  over th e  p erio d  of 
seed m a tu ra tio n . R egard less o f te m p o ra l v a ria b ility  of
seed d im ensions observed  in  all sites, each  year th e  con­
side rab le  es tab lish m en t of seedlings w as recorded . T he 
h igh  em ergence of seedlings o rig in a ted  from  seeds col­
lected  in  different sites confirm ed findings of Perg lovä 
e t al. (2009). In  ligh t o f perfo rm ed  investiga tions, it 
m igh t be concluded  th a t  th e  considerab le  es tab lish m en t 
o f seedlings observed  d u ring  experim en t m igh t also con­
tr ib u te  to  increase  of ab u n d a n ce  of ind iv iduals in  n a t­
u ra l conditions.
T h e  re la tive ly  low heigh t o f Im p a tien s  glandulifera  
ind iv id u als  observed  in  forest an d  th ic k e ts  com m unities 
can  be caused  by in traspec ific  co m p etitio n  for light, w a­
te r  an d  n u tr ie n ts , w hich becom es m ore in tense  w ith  th e
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Table 15. The temporal variability of width of seeds of Bidens frondosa L. The asterisks show the statistical significance of differences 
at the level < 0.05 (*), < 0.01 (**), < 0.001 (***); ns -  not significant differences (The H Kruskal-Walis test; df =  2).
Site SH PS UNS
The value of Kruskal-Wallis test 109.35*** 185.21*** 150.57***
The level of statistical significance 













Abbreviations: SH, shaded gravel; PS, partly shaded gravel; UNS, not shaded gravel.
Table 16. The spatial variability of lenght of seeds of Bidens frondosa L. The asterisks show the statistical significance of differences 
at the level < 0.05 (*), < 0.01 (**), < 0.001 (***); ns -  not significant differences (The H Kruskal-Walis test; df =  2).
Site SH PS UNS
The value of Kruskal-Wallis test 107.03*** 131.09*** 189.52***
The level of statistical significance 
of differences among sites:
SH and PS 











Abbreviations: SH, shaded gravel; PS, partly shaded gravel; UNS, not shaded gravel.
Table 17. The spatial variability of width of seeds of Bidens frondosa L. The asterisks show the statistical significance of differences 
at the level < 0.05 (*), < 0.01 (**), < 0.001 (***); ns -  not significant differences (The H Kruskal-Walis test; df =  2).
Site SH PS UNS
The value of Kruskal-Wallis test 281.28*** 154.19*** 180.02***
The level of statistical significance SH and PS <0.001 <0.001 ns
of differences among sites: SH and UNS <0.001 <0.001 <0.001
PS and UNS <0.001 <0.001 <0.001
Abbreviations: SH, shaded gravel; PS, partly shaded gravel; UNS, not shaded gravel.
Table 18. The percentage of germinated seeds of Bidens frondosa L. derived from studied localities.
Population locality Habitat Year The number 
of sown seeds
The percentage of germinated seeds
Minimal Maximal Mean
Zbikowice The shaded gravel 2008 50 16.00 94.00 59.40
2009 50 16.00 92.00 44.60
2010 50 16.00 84.00 46.80
Osieczany The party shaded gravel 2008 50 24.00 92.00 64.40
2009 50 20.00 94.00 61.80
2010 50 18.00 96.00 63.80
Soboniowice The unshaded gravel 2008 50 38.00 96.00 69.00
2009 50 30.00 86.00 56.80
2010 50 14.00 90.00 49.80
increase  in  p o p u la tio n  size. A ndrew s et al. (2005, 2009) 
observed  th a t  th e  sm all size of forest p o p u la tio n s  an d  a 
decrease in  in traspec ific  co m p e titio n  for resources con­
tr ib u te s  to  an  increase in  th e  heigh t o f th e  in d iv idu ­
als. R educed  heigh t can  also be caused  by being  shaded  
by  neighboring  species. F u rth e rm o re , being  en tw ined  in 
p lag io tro p ic  sh o o ts  o f G alium  aparine, H um ulus lupu- 
lus an d  Calystegia sep ium  m ay  have co n trib u ted  to  th e  
in h ib itio n  of g row th  of Im p a tien s  glandulifera  in  for­
es t com m unities (P ra h  1994). Also, M aule e t al. (2000) 
found  th a t  ligh t ava ilab ility  is likely to  be th e  p ri­
m a ry  fac to r lim iting  to ta l  p la n t b iom ass in  w oodlands. 
O n th e  o th e r  h an d , S tr0m m e (2012) an d  Skälovä e t 
al. (2012, 2013) observed  th a t  ind iv iduals grow n u n d er 
con tro lled  cond itions in  artific ia lly  sh ad ed  places are 
sign ifican tly  ta lle r  th a n  th o se  grow ing in  g re a te r  light 
availab ility . T h e  afo rem en tioned  a u th o rs  claim ed th a t  
ta ll  s ta tu re  provides th is  species w ith  a considerab le  ad ­
v an tag e  in  te rm s  of ligh t acquisition . A n increase in  th e  
heigh t o f s tem s resu lting  from  considerab le  shad iness 
w as also observed  in  Im p a tien s  pallida  (M urphy  e t al.
2009) an d  Im p a tien s  capensis  p o p u la tio n s  (D udley &
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S chm id t 1995, 1996; D onohue & S ch m itt 1999; W eing 
e t al. 2004). S im ultaneously , M cG oey & S tinchcom be 
(2009) p o in te d  ou t, th a t  an  increase  of s te m  le n g th  
in  Im p a tien s  capensis  suggests th e  p resence of shade 
avoidance synd rom e (SAS).
C om bining perfo rm ed  o bserva tions an d  d a ta  from  
lite ra tu re  on  th e  effectiveness of ba llis tic  seed d ispersa l 
co m p ared  to  th e  heigh t of s tem s an d  th e  w eight o f seeds 
of Im p a tien s  glandulifera  (C h ap m an  & G ray  2012), it 
m igh t be concluded  th a t  th e  considerab le len g th  of th e  
ind iv iduals an d  increased  p ro d u c tio n  of fru its  an d  large 
seeds in  open  an d  d ry  sites can  co n trib u te  to  m ore ef­
fective seed d ispersal, w hile su b s ta n tia l seedling re c ru it­
m en t enab les th e  co lon iza tion  of new, p e rh a p s  m ore ad ­
van tag eo u s sites. O n th e  o th e r  h an d , a decrease in  th e  
heigh t o f th e  ind iv iduals , fru it p ro d u c tio n  an d  th e  size 
of seeds, as well as th e  considerab le seedling em ergence 
in  forest com m unities m akes it possib le to  s ta y  a t th e  
colonized site  an d  to  g rad u a lly  ex ten d  th e  a re a  occupied  
by  th e  p o p u la tio n .
B id en s  frondosa
T h e s tead ily  grow ing nu m b er of ind iv iduals of B id en s  
frondosa  o ccu rred  in  sun n y  places d o m in a te d  by sm all 
species w ith  low co m p etitiv e  ab ilities is n o t consisten t 
w ith  observa tions co n d u c ted  in  B id e n s  p ilosa  p o p u la ­
tio n s (C ui & He 2009). T h e  afo rem en tioned  au th o rs  
found  th a t  ind iv iduals colonize fertile a reas  u n d er th e  
canopy  of sh ru b s  m ore frequen tly  th a n  th e  gaps b e ­
tw een  th e m . T h e  observed  increase  of nu m b er B id en s  
frondosa  ind iv iduals in  open  site  m igh t be caused  by 
th e  g rea te s t p ro d u c tio n  of fru its  an d  seeds. O bserva­
tio n s show ing la rger p ro d u c tio n  of fru its  an d  seeds in  
sunny  places com pared  to  sh ad y  sites a re  in  accordance 
to  ob se rv a tio n s ca rried  o u t in  p o p u la tio n s  of Son ch u s  
arvensis  (Zollinger & K ells 1991), as well as Senecio  
vulgaris  (B au m an n  e t al. 2001). A t th e  sam e tim e it 
shou ld  be add , th a t  perfo rm ed  stu d ies  do  n o t co rre­
sp o n d  w ith  th e  resu lts  o f research  on  B id e n s  pilosa  
p o p u la tio n s  (C hivinge & S hw eppenhauer 1995), w hich 
show ed a sim ilar rep ro d u c tiv e  ab ility  in  ind iv iduals re­
gard less o f th e  p resence of co m p etitiv e  species. T he 
g rad u a l a u g m en ta tio n  of nu m b er of ind iv iduals in  open  
sites m igh t be also influenced by p ro d u c tio n  of la rger 
seeds, th a n  in  sh ad y  places. T h e  sim ilar im p act o f irra - 
d iance level on  m ass of seeds was observed  in  H elian thus  
ann u s  (S an ta lla  e t al. 2002). M oreover, th e  d iffe ren tia­
tio n  of achene d im ensions an d  m ass in  various site  con­
d itio n s w as found in  several ta x a  from  A steraceae  fam ­
ily  (W ash itan i & N ish iyam a 1992; M eyer 1997; M eyer 
& C arlson  2001; G ravuer e t al. 2003; R ib a  e t al. 2005; 
F u m an a l e t al. 2007). R egard less o f su b s ta n tia l differ­
ences of size of B id en s  frondosa  seeds am ong consec­
u tiv e  sites an d  years th e  rec ru itm en t values d id  no t 
show ed th e  sp a tia l an d  te m p o ra l variab ility . T h e  ob­
ta in e d  resu lts  show ing th e  considerab le  rec ru itm en t of 
B id en s  frondosa  seedlings w ere confirm ed by  ea rlie r re­
search  co n d u c ted  by  G u b erto v ä  e t al. (2001). In  ligh t 
of perfo rm ed  stud ies  it m igh t be s ta te d  th a t  success­
ful seedling rec ru itm en t m igh t influence on  increase of
nu m b er of ind iv iduals in  n a tu ra l cond itions. S im u lta ­
neously, it shou ld  be ad d ed  th e  observed  decrease of 
n u m b er of B id en s frondosa  ind iv iduals in  sh ad ed  an d  
p a r tly  sh a d ed  sites du rin g  la s t s tu d y  season  m igh t be 
resu lt of d is tu rb a n ce  such as seasonal flooding. Such 
phenom enon  w as p rev iously  n o te d  by  K asp e rek  (2004).
T h e  resu lt o f th e  research  show ing th e  occurrence 
of h igher B id en s  frondosa  s tem s in  sun n y  sites th a n  
in  p a r tly  o r com pletely  sh ad ed  sites co rresponds w ith  
ex p erim en ts  co n d u c ted  in  p o p u la tio n s  of closely re­
la te d  species -  B id en s radiata  a n d  B id e n s  tripartita  
(W issk irchen  2006). Ind iv id u a ls  o f th e  afo rem entioned  
species show  a significant red u c tio n  in  th e  heigh t of 
s tem s as a  resu lt o f a decrease in  th e  p e rio d  of light 
d u rin g  th e  day. T h e  increase  of p la n t heigh t in  effect 
o f a u g m en ta tio n  of ligh t ava ilab ility  w as also reco rded  
in  A m m a n n ia  coccinnea  (G ibson  e t al. 2001). In  con­
tra ry , th e  decrease of s te m  le n g th  w ith  increasing  neigh­
b o rh o o d  d ensity  w as found  in  A m brosia  artem isiifo lia  
(P a q u in  & A arssen  2004).
O n th e  basis o f resu lts  of perfo rm ed  s tu d ies  an d  
pu b lish ed  d a ta  (G raae  2002; R ö m erm an n  e t al. 2005), 
it can  be concluded, th a t  an  increase in  th e  s te m  leng th , 
fru it an d  seed p ro d u c tio n , as well as in  seed d im ensions 
an d  considerab le  seedling em ergence enab le  persis tence 
of B idens frondosa  p o p u la tio n  in  open  an d  sun -lit sites. 
S im ultaneously , it shou ld  be ad d  th a t  a  decrease in  th e  
heigh t of th e  s tem s an d  achene size in  p a rtly -sh a d e d  an d  
sh ad ed  p laces m igh t co n trib u te  to  long -d istance d isp e r­
sal o f seeds by  an im als, w hile th e  su b s ta n tia l seedling 
rec ru itm en t allow s to  successful co lon iza tion  of new  a r­
eas.
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